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Abstract
In the present study, green synthesis of densely dispersed and stable silver nanoparticles (Ag NPs) using myrrh
extract as green-reducing and stabilizing agent was investigated. The Ag NPs were synthesized by exposing a
mixture of AgNO3 and myrrh extract to UV irradiation for different time intervals. The effects of parameters such as
concentration of AgNO3 and reaction time onto the physicochemical characteristics of the developed Ag NPs were
studied. Formation of the Ag NPs was noted upon changing the solution color from pale yellow into brown and
was confirmed by the appearance of surface plasmon resonance peaks at about 445 nm. The resulting Ag NPs
were characterized by UV-vis spectrophotometry, transmission electron microscopy, Fourier transform infrared
spectroscopy, and X-ray diffraction. The developed NPs demonstrated a relatively high antibacterial activity against
Bacillus thuringiensis and Pseudomonas aeruginosa bacteria as compared to that of myrrh extract. The antibacterial
activity increased with increasing the Ag NP concentration.
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Background
Nanotechnology comprises the science and technology
at dimensions below 100 of nanometers. At this scale,
the physicochemical characteristics of materials are sig-
nificantly different from those found in larger scales and
bulk materials due to the quantum effects [1].
Synthesis of metal nanoparticles (NPs) is an expanding
research area due to the wide range of their applications
in various fields such as medicine, electronics, and en-
ergy [2]. One of the most important classes of metal
NPs is that made of noble metals such as gold (Au), sil-
ver (Ag), and platinum (Pt) [3]. Among the noble metal
NPs, Ag NPs are perhaps the most widely recognized for
their applications in photonics [4-6], micro-electronics
[7,8], photocatalysis [9,10], and lithography [11,12]. The
widespread use of Ag NPs in medicine, for instance, can
be attributed to their potent antimicrobial activity
against a wide range of pathogenic microorganisms [13].
The production of significant amounts of Ag NPs is
achievable using various physical and chemical tech-
niques including laser ablation [14], lithography [15],
and the photochemical reduction [16]. However, synthe-
sis techniques remain relatively expensive and occasion-
ally involve the use of some hazardous moieties [17].
Biosynthesis of Ag NPs using microorganisms like bac-
teria [18], fungi [19], and yeast [20] has been investigated.
However, exploration of the plant extracts as the potential
nanofactories for the green synthesis of Ag NPs has a
growing interest due to the major benefit of this synthesis
technique in protecting the environment [21].
In this study, new series of stable densely dispersed Ag
NPs were obtained using an entirely green synthesis ap-
proach. In this approach, the natural non-toxic ingredi-
ents extracted from the myrrh plant were used, instead
of common hazardous chemicals, in combination with
UV light irradiation to create the Ag NPs. Myrrh extract
has been used as reducing and capping agent for the
synthesis of NPs which could be advantageous over mi-
crobial synthesis as there is no need of the elaborated
process of culturing and maintaining the cells.
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Myrrh has been used for long time as a medicine and
wound dressing, and has also been closely associated with
the health and purification rituals of women. The medical
potential of myrrh was first described in China in 600 AD
during the Tang Dynasty, and it is still used to date in
Chinese medicine to treat wounds, relieve painful swell-
ing, and menstrual pain associated with blood stagnation.
Myrrh consists of water-soluble gum, alcohol-soluble
resins, and volatile oil [22]. The gum constituent contains
polysaccharides and proteins, whereas the volatile oils are
composed of steroids, sterols, and terpenes; the myrrh's
characteristic odor is attributed to the presence of
furanosesquiterpenes [22].
Results and discussion
Formation of the Ag NPs
The myrrh can be considered a potential source of
hydrocarbons, and it consists of water-soluble gum,
alcohol-soluble resins, and volatile oil [22]. The gum
constituent contains various polysaccharides and pro-
teins, whereas the volatile oil is composed of steroids,
sterols, and terpenes [22]. Many of these compounds in
the myrrh extract, especially the polysaccharides and
saccharide moieties illustrated in Figure 1, are expected
to be responsible for the partial reduction process of
AgNO3 into metallic Ag. During the synthesis process,
the aqueous Ag+ ions were exposed to the myrrh extract
which initiated the reduction process of the Ag+ ions in
solution, leading to the formation of Ag hydrosol. Then,
a complete reduction of the Ag+ ions into atomic Ag
then to Ag NPs was achieved through UV irradiation re-
duction of the reaction mixture for different time inter-
vals from 10 to 120 min.
The formation of Ag NPs was observed upon the color
change of the myrrh extract from transparent yellow
into brown, as shown in Figure 2, due to the coherent
oscillation of electrons at the surface of NPs, resulting in
surface plasmon resonance (SPR) [23]. The color change
into brown was noted within 10 min, and the color in-
tensity increased significantly with increasing the AgNO3
concentration at a fixed volume of myrrh extract. The
UV-vis spectrophotometry was also used to confirm the
formation of the Ag NPs as shown in Figure 3. From
Figure 3a, the SPR band steadily increased in intensity
with a prominent peak at about 480 nm at 1 mM con-
centration and then made a blue shift up to about 445
nm with increasing UV irradiation reduction time. The
change of color and intensity of the SPR band with in-
creasing irradiation time might be due to the variation
in concentration, size, and shape of the resulting Ag NPs
[24]. The peak that appeared at around 390 nm is likely
to arise from the myrrh extract. Increasing the concen-
tration of the Ag NP precursor (Ag NO3) from 1 to 15
mM also led to the increasing intensity of the SPR band
with a blue shift from 480 to about 450 nm (Figure 3b).
FTIR spectroscopy
FTIR analysis was carried out in order to identify the
possible reducing and stabilizing biomolecules in the
myrrh extract. The FTIR spectra of myrrh extract before
and after the development of Ag NPs are shown in
Figure 4. Both spectra are very similar and showed
bands around 1045, 1445, 1438, 1635, 2855, 2925, and
3449 cm−1. The band around 1,025 to 1,200 cm−1 corre-
sponds to the C-O stretching, while the weak bands in
the 1,340 to 1,450 cm−1 range can be attributed to ali-
phatic CH2 and CH3 groups, CH2 groups of aldehydes
and ketones, and the bending modes of O-H bonds in
alcohols, phenols, and carboxylic acids [25]. The band
around 1,620 to 1,650 cm−1 corresponds to aromatic
rings, while the band that appeared around 2,920 to
2,930 cm−1 corresponds to the asymmetric stretching of
the C-H bonds. The strong broad band appearing at
about 3,440 cm−1 in both FTIR spectra can be assigned
to the stretching vibrations of O-H groups in alcohols
and phenols [25]. This band in particular confirms the
presence of various O-H groups in the myrrh extract
(Figure 1) which is expected to play a good role in the
reduction process of Ag+ ions into Ag then to Ag NPs.
This band at 3,340 cm−1 in the Ag NP spectrum has also
showed a slight shift when compared to that of the
myrrh extract, indicating the formation of Ag NPs.
X-ray diffraction analysis
The X-ray diffraction pattern of the myrrh-Ag NPs de-
veloped after 60 min of UV irradiation of 6 mM AgNO3
is illustrated in Figure 5. As apparent from the figure,
there is a broad peak that appeared at 2θ = 20° which
Figure 1 Some saccharides in the myrrh extract (4-methyl D-glucuronic acid, D-galactose, and L-arabinose) [22].
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can be attributed to the amorphous phase of myrrh in
addition to a number of Bragg reflections with 2θ values
of 38°, 44°, 64.6°, and 77°. These bands correspond to the
(111), (200), (220), and (311) sets of lattice planes, which
may be indexed as the bands for face centered cubic
structures of Ag [26]. The XRD pattern, thus, clearly
demonstrates that the Ag NPs synthesized by the
present green method are crystalline in nature.
Transmission electron microscopy
TEM has been employed to characterize the size, shape,
and morphologies of the formed Ag NPs. The typical
TEM micrographs and the corresponding particle size
distribution of the myrrh-Ag NPs developed after 60
min of UV irradiation reduction of different concentra-
tions of AgNO3 are shown in Figure 6. As apparent from
the figure, the obtained myrrh-Ag particles are in the
nano range with uniform and spherical shapes. The
myrrh-Ag NPs obtained using 1 mM of AgNO3 followed
by 60 min of UV irradiation (Figure 6a,c) showed aver-
age particle diameters from 40 to 100 nm. This particle
size range was decreased to 10 to 50 nm by increasing
the AgNO3 concentration to 6 mM followed by 60 min
of UV irradiation (Figure 6b,d). This result is in agree-
ment with the blue shift observed in the UV-vis spectra
of these samples (Figure 3). The TEM micrographs dem-
onstrated also that the myrrh-Ag NPs are well and
densely dispersed which indicates a good stabilization ef-
fect of the myrrh extract. The stability of the developed
myrrh-Ag NPs was also confirmed through the absence
of any visible changes for more than 6 months. Figure 6e
shows the diffraction pattern of the developed NPs,
which demonstrates the characteristic crystal planes of
the elemental Ag.
Antibacterial studies
The inhibition zone values were determined for the Ag
NPs synthesized using myrrh extract tested against two
types of bacteria, Gram positive (B. thuringiensis) and
Gram negative (P. aeruginosa). The results of the inhib-
ition zones were presented as average values (cm) as
shown in Figure 7. The obtained data (Figure 7) demon-
strate that all the investigated Ag NPs had high antibac-
terial activity against the Gram-positive (B. thuringiensis)
bacteria and even much better antibacterial activity
against the Gram-negative (P. aeruginosa) bacteria as
compared to that of the control (myrrh extract). It is
also apparent from Figure 7 that increasing the concen-
tration of the Ag NPs has led to a significant increase in
the antibacterial activity. This promising antibacterial
activity may be related to the small size and the high
surface area of the developed Ag NPs, which allow them
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Figure 3 UV-vis spectra. UV-vis spectra of the formed Ag NPs recorded as a function of (a) time of UV irradiation and (b) AgNO3 concentration.
a b c d e
Figure 2 The color change of the myrrh extract. (a) Upon the
formation of Ag NPs from different concentrations of AgNO3: (b) 1
mM, (c) 4 mM, (d) 10 mM, and (e) 15 mM.
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to reach easily the nuclear content of bacteria [27,28].
Also, it has been reported that the pathogenic effect of the
NPs can be attributed to their stability in the medium as
colloids, which modulates the phosphotyrosine pattern of
the pathogen proteins and consequently arrests their
growth. Moreover, it was proposed that the variation in
the growth inhibition of bacteria by NPs may be attributed
to the presence of peptidoglycan, which has a strong nega-
tive complex structure [29]. This negative structure may
participate in the sequestration of free Ag+ ions. There-
fore, Gram-positive bacteria may allow less Ag NPs to
reach the cytoplasmic membrane than the Gram-negative
bacteria, which tends to explain the founded higher anti-
bacterial activity of the synthesized Ag NPs towards the
Gram-negative (P. aeruginosa) bacteria than towards the
Gram-positive one. These obtained preliminary results in-
dicate a potential of the prepared myrrh-Ag NPs as anti-
bacterial agents; however, further investigations are
required to explore their bactericidal effects on other types
of bacteria.
Conclusion
The current study demonstrated that the Myrrh extract
can be used as a green reducing and capping agent for the
eco-friendly synthesis of Ag NPs. The developed Ag NPs
showed good stability, and no visible changes were ob-
served even after 6 months. The NPs also demonstrated
high bactericidal activity against both B. thuringiensis and
P. aeruginosa bacteria as compared to that of myrrh ex-
tract, and the antibacterial activity increased with increasing
Ag NP concentration. In conclusion, this preliminary study
revealed that the developed Ag NPs can be tailored and
used, after more investigations, as potential antibacterial
agents for various biological and biomedical applications.
Methods
Materials
Myrrh was purchased from a local market located at
Mansoura, Egypt. Silver nitrate, (AgNO3, AR grade,
99.5% purity) was obtained from Carl Roth GmbH &
Co. KG (Schoemperlenstrasse, Karlsruhe, Germany). All
of the other chemicals and solvents were of analytical
grade and used as provided.






















Figure 5 XRD patterns. XRD patterns of the Ag NPs developed after 60 min of UV irradiation of 6 mM AgNO3.














Figure 4 FTIR spectra of the myrrh extract before and after the
synthesis of Ag NPs.
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Preparation of myrrh extract
Myrrh parts were collected and washed thoroughly
with distilled water and grinded into fine pieces.
About 10 g of thoroughly washed finally grinded
myrrh was weighted and transferred into a 300-ml
Erlenmeyer flask containing 200-ml deionized water,
mixed well and heated for 7 h in water bath at 80°C.
The resulting solution was centrifuged at 4,000 rpm
for 15 min and then filtered using Whatman number
1 filter paper, and the filtrate was stored at 4°C for
further use.
Synthesis of Ag NPs
Aqueous AgNO3 solution (6 mM) was prepared and
used for the synthesis of Ag NPs. Typically, 15 ml of
myrrh aqueous extract was mixed with 60 ml of the
AgNO3 solution, and the resulting mixture was then
irradiated by UV light (Philips UV lamp, 36 W;
Koninklijke Philips Electronics N.V., Amsterdam,
Netherlands) for different time intervals from 10 to
120 min. For studying the effect of AgNO3 concentra-
tion, 5 ml of myrrh extract was added to 20 ml of dif-






Figure 6 TEM micrographs. TEM micrographs of the Ag NPs developed in presence of the myrrh extract and 60 min of UV irradiation using
different AgNO3 concentrations. (a) 1 mM and (b) 6 mM. (c, d). The histograms of size distribution of the corresponding synthesized Ag NPs and
(e) selected area of electron diffraction. The scale bars are (a) 1 μm, (b) 0.2 μm, and (e) μm.
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(1 to 15 mM) followed by UV irradiation reduction of
the mixture for 60 min.
Analysis of Ag NPs
The reduction of pure Ag+ ions was monitored by meas-
uring the UV-vis spectrum of the reaction medium at
different time intervals. The UV-visible spectra of the
formed Ag NPs were recorded in the range of 200 to
800 nm using ATI Unicom UV-vis spectrophotometer
(UNICOM Systems, Inc., England) with the aid of ATI
Unicom UV-vis. vision software V 3.20. The analysis was
performed at room temperature using quartz cuvettes
(1-cm optical path), and the blank was the correspond-
ing myrrh aqueous solution. Fourier transform infrared
spectroscopy (FTIR) measurements were carried out to
identify the possible biomolecules in the aqueous extract
of myrrh, which are responsible for the reduction of the
Ag+ ions and capping of the resulting Ag NPs. The sam-
ple was dried and grinded with KBr pellets and analyzed
on Mattson 5000 FTIR spectrometer (Mattson Instru-
ments, Inc., Wl, USA) in the range of 400 to 4,000 cm−1
at a resolution of 8 cm−1 at 25°C. The size and morph-
ology of the synthesized Ag NPs were investigated by
transmission electron microscopy (TEM; JEOL TEM-
1230, JEOL Ltd., Tokyo, Japan) attached to a CCD cam-
era at an accelerating voltage of 120 kV. The samples
were prepared by placing few drops of the Ag NP sus-
pension on carbon-coated copper grids, followed by
allowing the solvent to slowly evaporate before recording
the TEM images. The X-ray diffraction patterns of the
Ag NP samples were recorded using Philips PW 1390 X-
ray diffractometer (Netherland). The X-ray diffraction
was provided with a beam monochromator and Cu Kα
radiation at λ = 1.5406 Å. The applied voltage was 40
kV, and the current intensity was 40 mA sec. The 2θ an-
gles were recorded in the range of 40° to 60°.
Assessment of the antibacterial activity
The antibacterial activity of myrrh aqueous extract and
the Ag NPs developed at different AgNO3 concentra-
tions (1, 4, 10, and 15 mM) was evaluated against two
types of bacteria, Bacillus thuringiensis and Pseudo-
monas aeruginosa, isolated from patients in Mansoura
University Hospital, Mansoura, Egypt. The antibacterial
assessment was performed using the nutrient agar diffu-
sion method and measuring the inhibition zones (cm).
In brief, sterile paper discs (6 mm) were impregnated
overnight in the sample solutions and then left to dry
for 24 h at 37°C in sterile conditions. The bacterial sus-
pensions were obtained by making a saline suspension
of isolated colonies selected from 18 to 24 h of nutrient
agar plating. The suspensions were then adjusted to
match the tube of 0.5 McFarland turbidity standards
using spectrophotometry at λ = 600 nm, which equals
1.5.108 colony-forming units per milliliter. The surface
of the nutrient agar was completely inoculated using a
sterile swab, which was steeped in the prepared bacterial
suspension. Then, the impregnated discs were placed on
the inoculated agar and incubated at 37°C for 24 h. After
incubation, the diameters of the growth inhibition zones
were determined.
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Figure 7 The bacterial inhibition zones of the developed myrrh-Ag NPs of different AgNO3 concentrations.
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